BACKGROUND: there is evidence demonstrating an association between infection and venous thromboembolism. We recently identified this association in the postoperative setting; however, the temporal relationship between infection and venous thromboembolism is not well defined OBJECTIVE: We sought to determine the temporal relationship between venous thromboembolism and postoperative infectious complications in patients undergoing colorectal surgery. DESIGN, SETTING, AND PATIENTS: a retrospective cohort analysis was performed using data for patients undergoing colorectal surgery in the national surgical Quality improvement Project 2010 database. MAIN OUTCOME MEASURES: the primary outcome measures were the rate and timing of venous thromboembolism and postoperative infection among patients undergoing colorectal surgery during 30 postoperative days. RESULTS: of 39,831 patients who underwent colorectal surgery, the overall rate of venous thromboembolism was 2.4% (n = 948); 729 (1.8%) patients were diagnosed with deep vein thrombosis, and 307 (0.77%) patients were diagnosed with pulmonary embolism. eighty-eight (0.22%) patients were reported as developing both deep vein thrombosis and pulmonary embolism. following colorectal surgery, the development of a urinary tract infection, pneumonia, organ space surgical site infection, or deep surgical site infection was associated with a significantly increased risk for venous thromboembolism. the majority (52%-85%) of venous thromboembolisms in this population occurred the same day or a median of 3.5 to 8 days following the diagnosis of infection. the approximate relative risk for developing any venous thromboembolism increased each day following the development of each type of infection (range, 0.40%-1.0%) in comparison with patients not developing an infection.
tools to improve clinical decision making for delivery of risk-appropriate prophylaxis against Vte and, consequently, improve patient outcomes. [7] [8] [9] [10] Despite these quality improvement efforts, some payers have recently classified Vte as a "never event," creating a financial disincentive by withholding reimbursement for treatment of such events in certain settings. 11, 12 many argue that Vte compensation restrictions should be based on a preventable harm model-that only Vte events occurring without appropriate prophylaxis are preventable. 13 Based on this model, we recently evaluated our institutional data for preventable harm from Vte and found that only 8% of Vtes occurring among patients undergoing colorectal surgery 14 and 9% of Vtes occurring among surgical patients overall 15 were preventable. interestingly, in this study, we also found that infectious complications were significantly associated with Vte events. 14 there is only a small body of literature exploring the relationship between infection and Vte in postsurgical populations. 5, [16] [17] [18] [19] [20] much of this literature attributes the association to the release of cytokines associated with infection leading to an inflammatory state that results in an increased propensity toward Vte. 1, 2, 4 in our previous study, we identified a significant relationship between infectious complications and Vte in which patients with a surgical site infection (ssi), urinary tract infection (uti), or pneumonia were 4-fold more likely to have a Vte. this finding was independent of Vte prophylaxis strategy, because risk-appropriate Vte prophylaxis was ordered for 92% of patients when their thrombotic event occurred. 14 in this study, we sought to verify these findings by using a larger national data sample and to determine whether there is a temporal relationship between infection and Vte. it is critical to determine the causal pathway between infection and Vte. Does infection precede Vte, suggesting that infection causes or raises the risk for Vte? or does infection follow Vte, implying the opposite effect? establishing this relationship could lead to improved guidelines for the prevention, detection, and management of these life-threatening postoperative complications.
MATERIALS AND METHODS
Data Acquisition the american College of surgeons (aCs) national surgical Quality improvement Project (nsQiP) collects surgical outcomes data from participating hospitals around the united states. Data collected by nsQiP includes demographic characteristics, comorbid conditions, laboratory values, operation characteristics, postoperative outcomes, mortality, and hospital readmission. Clinical reviewers collect the information prospectively and follow patients for 30 days postoperation by using patient records and phone interviews. further details regarding nsQiP are available at their Web site. 21 all patients undergoing colorectal surgery in the 2010 nsQiP Participant user file were identified by the use of relevant Current Procedural terminology codes (44005-44799, 45000-45387, not 44180 (laparoscopic lysis of adhesions)). inflammatory bowel disease status and colorectal cancer status were determined by the use of the International Classification of Diseases, Ninth Revision, Clinical Modification codes for those conditions that were primarily associated with the procedure diagnosis code.
Outcomes and Variables
Development of Vte within 30 postoperative days was identified as the primary outcome. the secondary outcome was the number of days between developing infection and Vte. this outcome was determined as the number of days between the first infectious complication and diagnosis of Vte. the main variables of interest for this study were postoperative infectious complications that included superficial incisional ssi, deep ssi, organ space ssi, wound dehiscence, uti, and pneumonia. Definitions for these variables are available in the nsQiP 2010 user guide. 21 Potential confounding and biologically associated variables were identified for inclusion in the analysis. Demographic variables were sex and age. Patient characteristics included Bmi, disseminated cancer, current smoking status, iBD (Crohn's disease, ulcerative colitis), emergent status of the operation, and operative time.
length of hospital stay was included in the descriptive analysis but eliminated from multivariable analysis because of the potentially confounding relationship between instances of Vte causing increased length of stay and length of stay being associated with increased risk of Vte. similarly, return to the operating room for an additional procedure was included in the descriptive analysis but not in the multivariable regression because we were unable to determine whether there was a temporal relationship between return to the operating room and developing an infectious complication. the descriptive analysis also includes whether the patient had colorectal cancer. this is a known risk factor for Vte; however, there is crossover between patients with colorectal cancer and disseminated cancer. We decided to use disseminated cancer in the multivariable analysis because there was a significant difference in patients with disseminated cancer and Vte. operative time was included as a binary variable (<180 minutes vs ≥180 minutes). operative time has been used as a proxy for operative complexity, so we chose 180 because it was the 75th percentile and enabled comparison of the most complex cases. evidence of sepsis, either preoperatively or postoperatively, was not included in any of our analyses because there is variability in identified and reported patients in nsQiP as having sepsis. finally, nsQiP does not provide data on whether patients received prophylaxis. although we considered this a significant variable to include in our analyses, we were unable to do so for lack of data.
Statistical Analysis
Descriptive statistics comparing the Vte vs non-Vte populations were performed. missing data were dropped from the analysis because they accounted for only 5.5% of the total data (n = 2318 of 42,149 cases) and resulted in dropping only 4.6% (n = 35 of 764) of deep vein thromboses (DVts) and 3.8% (n = 12 of 319) of pulmonary embolisms (Pes). a category for Bmi >40, corresponding to morbid obesity, was generated to account for the potential impact of outlying Bmi data points and to determine whether extreme obesity was associated with Vte. logistic regression models, controlling for the aforementioned patient characteristics and postoperative infectious complications, were applied to evaluate the association between Vte with postoperative infectious complications. similarly, the regression analyses were performed to examine the relationships with DVt and Pe individually. these regression models examine the association between the odds of developing Vte and postoperative infections and are not intended to take the temporal relationship between the Vte and infection into account.
to evaluate the temporality between infectious complications and Vte, we categorized the infectious complications as occurring before, the same day as, or after Vte was diagnosed. Descriptive analysis was used to examine which infectious complications occurred more frequently in each group. Generalized linear models were used to determine the absolute relative risk increase per day for developing Vte after development of an infectious complication when controlling for age, Bmi, smoking status, iBD, disseminated cancer, and emergent status. a priori, a p level of <0.05 was set as our threshold for statistical significance. all statistical analyses were performed by using microsoft excel and stata version 12.1 (statacorp, College Station, TX). Institutional review board approval was obtained.
the aCs nsQiP and the hospitals participating in the aCs nsQiP are the source of the data used herein; they have not verified and are not responsible for the statistical validity of the data analysis or the conclusions derived by the authors.
RESULTS
a total of 39,831 patients undergoing colorectal surgery with complete data collection were identified from the nsQiP 2010 Participant user file database. the overall rate of Vte was 2.4% (n = 948) with 729 (1.8%) patients diagnosed with DVt only, 307 (0.77%) patients diagnosed with Pe only, and 88 (0.22%) patients diagnosed with both DVt and Pe (table 1) . the patients developing Vte were more likely to have disseminated cancer (p < 0.001) and be emergent cases (p < 0.001) (table 1). twenty percent of patients who did not develop Vte experienced at least 1 postopera- superficial ssi (table 3) . for example, patients with an organ space ssi were 2.2 times more likely to develop Vte. in those patients who developed an organ space ssi, there was a 0.74% daily increased risk of developing Vte throughout the 30-day postoperative period in comparison with patients who did not develop a postoperative organ space ssi. figure 1 examines the temporal relationship between postoperative infection and DVt. among patients diagnosed with both DVt and a postoperative ssi, the infection was detected before or on the same day as DVt diagnosis for the majority of organ space ssi (69.6%), deep ssis (85.0%), and episodes of wound dehiscence (79.1%) ( fig. 1a ). Close to 20% of DVts were diagnosed the same day as the postoperative infection ( fig. 1a ). Deep vein thrombosis developed a median of 8 days (interquartile range (iQR), 2-11; mean, 7.6) after the infection. for deep ssi and wound dehiscence, DVt developed a median of 4 days (iQR, 1-15; mean, 7.7) and 7 days (iQR, 1-11; mean, 7.1) later ( fig. 1a ). twenty-eight percent of DVt patients developed the DVt after hospital discharge ( fig. 2) . trends between infectious complications and subsequent development of Pe were less dramatic ( fig. 1 ). for patients with Pe, the majority of events were detected the same day or following ssi for organ space ssi (62.8%), deep ssi (54.5%), and wound dehiscence (56.3%) ( fig. 1B ). of these patients, 8 with organ space ssi, 3 with deep ssi, and 2 with wound dehiscence were diagnosed the same day as the patient's Pe. the median number of days between the ssi and Pe when infection developed before or on the same day as Pe was 5.5 days (iQR, 0-11; mean, 6.7) for organ space ssi, 0.5 days (iQR, 0-11; mean, 8.0) for deep ssi, and 12 days (iQR, 3-16; mean, 10.7) for wound dehiscence (fig. 1B ). forty-one percent of the Pe patients developed the Pe after hospital discharge ( fig. 3 ). in patients with an ssi, this rate was 42%. 
Temporal relationship between PE and postoperative infection

Temporal relationship between DVT and postoperative infection
DISCUSSION
We previously demonstrated, using data from a single institution, that patients undergoing colorectal surgery who develop Vte are more likely to concurrently develop ssis in the postoperative period than are non-Vte patients. 14 our finding of increased risk for Vte among patients undergoing colorectal surgery with an ssi is confirmed in the current nationwide sample. this finding was most evident in patients with an organ space ssi (oR, 2.2; p < 0.001). Development of postoperative organ space ssi preceded DVt by a median of 8 days and Pe by 5.5 days. furthermore, there was a significant increase in daily risk for developing Vte following a postoperative infectious complication. these findings indicate that postoperative infections could represent an important clinical warning sign that a patient is more likely to develop Vte. the 3 primary theories for explaining increased rates of Vte among patients with acute infections, as reviewed by alikhan and spyropoulos, 1 are immobilization of the patient, activation of the inflammatory response, and direct effects of the inflammatory response on the lungs and heart resulting in hemostasis. this theory that an inflammatory response might be the causal factor in developing Vte has been supported over the years by numerous studies. 2, 20, 22, 23 a variety of chemokines and proinflammatory factors including factor Viii, C-reactive protein, tissue factor, fibrinogen, and interleukin-8 have been investigated with varying results. 1, 2, 4, 20, 22, 23 the role of factor Viii as an acute phase response protein and risk factor for Vte has been identified in multiple studies. 4, 20, [23] [24] [25] [26] Patients undergoing colorectal surgery are at increased risk for postoperative infection for numerous reasons. Colorectal surgery wounds are frequently classified as clean-contaminated because of the spillage of GI tract fluids. Although colorectal procedures are being performed more frequently with the use of minimally invasive techniques, open procedures remain common and are associated with an increased risk of both infection and Vte. 19, 27, 28 although our results did not entirely corroborate this, much of the literature suggests that the proinflammatory state of iBD is prothrombotic. 17, 18, 29, 30 although infection has previously been identified as a risk factor for Vte in medical patients, 31, 32 there is a paucity of data available on the temporal relationship between Vte and infection in surgical patients. What information is available indicates that infection frequently precedes Vte; however, the quantification of this finding had not been explored. 5, 19 it is important to note that, when interpreting our findings, we are unable to determine causality. Rather, what we present here demonstrates that there is an association between developing certain postoperative infectious complications and subsequent Vte. Whether this association is causal requires future prospective, controlled trials with large numbers of patients.
our finding of a less clear temporal relationship between Pe and infectious complications was unexpected considering the relationship demonstrated with DVt and the documented prothrombotic state that infectious complications create in the body. 20,22,23 a stronger statistical relationship for DVt than Pe may be expected, because DVt precedes Pe and is more common than Pe. further, this could reflect patients who develop DVt related to the placement of a central venous catheter for management of infection.
it is interesting to note that a significant proportion of Vte was diagnosed on the same day as infection. this may be related to asymptomatic Vte being diagnosed at the time of workup for infection such as by Ct scan, a classic example of surveillance bias. 33 in our institutional study, we found that 33% of the Pes were identified by Ct the same day as infection was reported in the patient. 14 in this current study, we found that between 10% and 30% of Pes were identified the same day as an infection, varying based on the type of infection. this begs the question of what role surveillance bias plays in which patients are identified and treated for Vte. additionally, which of these Vtes would have become clinically significant is unknown. a major implication related to the surveillance bias stemming from this study is the consideration of increased screening for Vte once a postoperative infection is identified.
What are some relevant clinical implications of our findings? Given its association with VTE, postoperative infections could be used to identify patients who warrant surveillance or more intensive Vte prophylaxis (combined pharmacomechanical prophylaxis). the use of duplex scanning or other newer methods such as D-dimer may be considered beneficial in this patient population as an inpatient or outpatient surveillance method. Because as many as one-third of Vtes occur after discharge, 9, 18 postoperative infections could be used along with other risk factors to identify patients who should be prescribed postdischarge extended-duration Vte prophylaxis. 18, 34, 35 iannuzzi et al 36 recently published a prediction model using nonorthopedic surgical cases that stratifies patients into low (<0.5%), medium (0.5%-1%), and high risk (1%-2%) for developing postdischarge Vte. the use of such prediction tools will likely play a large role in the identification of patients who would most benefit from increased surveillance in the future. our study demonstrates that perhaps infectious complications could also be a risk factor included in such prediction tools. further studies validating the use of prediction tools for the identification of patients who will most benefit from surveillance or extended prophylaxis are necessary.
although this study included nearly 40,000 patients from a variety of medical institutions across the country, which reduces selection bias, it also leads to potential confounding factors from the various institutions. although Vte prophylaxis guidelines are available, 7,37 varying levels of compliance have been reported across institutions that influence which patients develop Vte. [37] [38] [39] We evaluated our own compliance before exploring a relationship between Vte and postoperative infection and found our compliance to be 92% among patients with Vte 14 ; however, this rate is probably different at other institutions. nsQiP does not currently provide Vte prophylaxis data for all patients, so we are unable to account for prophylaxis in our analysis. some argue that this is a valuable process measure to include in future versions. 15 many patients, as demonstrated in table 1, required a second procedure. although these patients might be at increased risk of developing Vte, we were unable to assess temporality with postoperative infections, and thus were not able to include this variable in our analysis.
Despite uniform training from aCs-nsQiP officers, the follow-up and degree of reporting from different institutions can be variable, leaving the validity of the data reliant on those who are recording and reporting it. however, because of the large number of patients included in this database, we do not expect this limitation to significantly influence our results. furthermore, the findings from this study are supported by our earlier study that also demonstrated a significant association between infectious complications and Vte. finally, a related limitation is the limited follow-up recorded through nsQiP. although the nsQiP model has been validated for collecting postoperative complications out to 30 days, the risk of developing DVt and Pe may remain high beyond this 30-day period. 40 With regard to variables, we were unable to examine if there was a relationship between placement of a central venous catheter and subsequent DVt because these data are unavailable from nsQiP.
Venous thromboembolism and ssi are known complications of colorectal surgery procedures. We identified a temporal association between organ space ssi and deep ssi with subsequent Vte development in the postsurgical population with daily increased risk of Vte development of 0.74% and 0.40%. further research examining this relationship prospectively will guide the development of future prophylaxis guidelines and improve patient safety in the postsurgical setting.
